ABSTRACT. -Wilson' s Phalaropes (Phalaropus tricolor) and American Avocets (Recurvirostra americana) occur in large numbers at hypersaline and alkaline lakes. Comparing birds from three lakes of different salinity and alkalinity in the Great Basin of western North America, we found no evidence of salt-loading: blood hematocrit, pH, osmolality, and sodium concentration were not elevated; stomach osmolality and sodium concentration were only slightly higher than the body fluids of the birds' hypo-osmotic prey (brine shrimp and brine flies); salt glands were not enlarged and averaged a relatively low percentage of body weight (0.02%). Through a combination of behavioral and anatomical adaptations, phalaropes and avocets evidently are able to rid their prey of most adherent lake water and thereby largely avoid the problems of salt-loading and the ingestion of harmful ions. Both species occupy hypersaline habitats for long periods and probably derive most of their water needs from the body fluids of their prey. Their use of fresh water is sporadic and may not be required for osmoregulatory balance.
Alkaline and hypersaline lakes, despite being harsh physical environments, are prime habitats for a few species of resident (e.g., flamingos) and a somewhat larger number of migratory waterbirds. Mono Lake, California, a large hypersaline (2'12 x the concentration of sea water) and alkaline (pH x 10) lake at the eastern base of the Sierra Nevada, attracts large numbers of a few of these species each year. Approximately 45,000 California Gulls (Larus californicus) nest there; in summer and in fall, tens of thousands of Wilson' s (Phalaropus tricolor) and Red-necked (P. lobatus) phalaropes stop over on their southward migration (Jehl 198 l), and hundreds of thousands of Eared Grebes (Podiceps nigricollis) stage there (Storer and Jehl 1985). American Avocets (Recurvirostra americana) are also common at hypersaline lakes, although at Mono Lake only a few pairs breed and flocks of several hundred occur in autumn.
Hypersaline lakes are attractive to these birds because they typically lack fish, which allows the few invertebrates that can occupy them to attain great abundances. These, in turn, serve as food for the birds. At Mono Lake, brine shrimp (Artemia sp.) and brine flies (Ephydru hians) become super-abundant at some seasons. Birds feeding on these invertebrates, either by pecking them from the surface of the water or by catching them while driving, might be expected to ingest large amounts of lake water and thereby incur deleterious salt loads. Yet, our previous studies of California Gulls (Mahoney and Jehl 1985a) and Eared Grebes (Mahoney and Jehl 1985b) at Mono Lake, where salinities have varied from 72 to 90 ppt (2,160-2,700 mOsm/kg) in 1982-l 984, have shown that this is not the case. These species seem to have no special anatomical or physiological adaptations for dealing with high salt loads. Instead, they largely avoid osmoregulatory problems behaviorally, by ridding their food of adherent lake water before swallowing it.
Gulls and grebes differ markedly in their use of fresh water. Gulls visit freshwater streams to drink and bathe several times each day, whereas grebes, although they may remain continuously at Mono Lake for as long as six months (Jehl, unpubl. data), never visit fresh water. Wilson' s Phalaropes and American Avocets (Fig. 1) If phalaropes and avocets ingest large quantities of Mono Lake water and its attendant osmotic and ionic load, they could be expected to show changes in blood chemistry, hydration state, and salt gland size. In order to determine how great a salt load these birds incur while feeding at the lake, we made the following measurements: blood pH and hematocrit; serum osmolality, sodium, and potassium; composition and osmolality of stomach contents, prey body fluids, and lake water; body water content; and salt gland weights. We then compared these values from Mono Lake birds to those of phalaropes and avocets at two other Great Basin lakes to see if salt loads varied with diet or lake water composition.
METHODS
In 1982: 1983, and 1984, we collected a total of 26 Wilson' s Phalaropes and three American Avocets for physiological studies at Mono Lake. We also collected three Wilson' s Phalaropes at Lake Abert, Oregon, in 1983, and three Wilson' s Phalaropes and three American Avocets at Great Salt Lake, Utah, in 1984. In most cases, we immediately withdrew by cardiac puncture l-2 cc of blood into ammoniurn-heparinized syringes. Hematocrits were taken from this sample, and the remaining blood was centrifuged in serum separator tubes for 3 min at 5,000 rpm. We later determined serum osmolality (+ 2%) with a Wescor vapor pressure osmometer; sodium and potassium concentrations ( f 1%) were determined with an IL443 flame photometer. We measured blood pH of one phalarope immediately after the blood was drawn using a Chemtrix portable pH meter, but pH was not determined for other phalaropes because of the difficulty in obtaining sufficient volumes of blood from these small birds. No blood pH measurements were obtained from avocets.
We determined the stomach (gizzard) contents of all specimens, and measured the osmolality and the sodium and potassium concentrations of the contents, as described above, as well as those of body fluids of prey species and of the water from each lake.
Salt glands were removed from some specimens and were weighed to the nearest milligram. If both glands could be removed, we used the mean weight in our calculations. We also examined the oral cavity of these species to seek possible anatomical structures that might be used to strain excess water from the prey.
All statistical comparisons are based on Student' s t-test, and analysis of variance: P < 0.05 indicates significant differences.
RESULTS

LAKE WATER ANALYSIS
Mono Lake, an alkaline lake, had a pH of 10.83 in 1983 and 10.64 in 1984. Great Salt Lake and Lake Abert are sodium chloride lakes with pH' s = 8.0. The salinity of the three lakes varied somewhat from year to year, depending upon fresh water run-off from the spring melt of snow in adjacent mountains. Osmolality of Mono Lake was 2,3 14 mOsm/kg in 1983 and, owing to heavy snowfall and spring run-off, dropped to 2,160 mOsm/kg in 1984. Great Salt Lake experienced similar conditions in 1984 and had salinities from ca. 4,500 mOsm/ kg mid-lake to ca. 1,200 mOsm/kg around the periphery. Lake Abert' s salinity was 757 mOsm/kg in 1983.
BLOOD ANALYSIS
Despite obtaining blood samples from phalaropes in different years and at different lakes, and from avocets at different lakes, we found no differences in blood characteristics between samples from different species or different localities: serum osmolalities were identical and hematocrits were similar (0.05 < P < 0.10; Table 1 ).
STOMACH CONTENTS
Wilson' s Phalaropes spear their prey at or near the surface of the water. Stomachs of the birds we sampled contained from 100% brine shrimp to 100% brine flies (adults, larvae, and pupae). In contrast, avocets sweep the water surface for adult brine flies or probe in the saturated mud for fly larvae; those we sampled had fed only on adult flies.
Brine shrimp and all stages of brine flies are hypo-osmotic regulators that maintain body fluid concentrations well below those of their aquatic medium (Table 2) . Osmolalities of phalarope and avocet stomach contents were equal to or slightly higher than that of their prey, but were well below osmolalities of the lakes in which they had been feeding (Fig. 2) . At Mono Lake, phalaropes that had eaten brine shrimp had higher stomach content osmolalities than those that had eaten brine flies (P < 0.00 l), which are more dilute (cf. collected in late July, 1984, had higher stomach osmolalities (579 and 730 mOsm/kg), despite having eaten only brine shrimp. These were heavy birds that were collected when the phalaropes were hyperphagic and are not shown in Figure 2 . Three phalaropes from Lake Abert had fed on flies and shrimp in relatively dilute water (757 mOsm/kg); their stomach osmolalities were similar to those of phalaropes feeding on flies at Mono Lake.
At Mono Lake, the osmolalities of avocet stomach contents were higher than those of phalaropes that were feeding on the same prey, brine flies (P < O.Ol), and were similar to the higher osmolalities of phalaropes feeding on shrimp (Fig. 2) . At Great Salt Lake, however, values for avocets and phalaropes, both of which had fed on flies, were similar and not significantly different from avocets at Mono Lake. Phalaropes that fed on brine flies at Great Salt Lake had higher stomach osmolalities than phalaropes feeding on the same prey at Mono Lake (P < O.OOOS), even though the Great Salt Lake phalaropes were collected on a mudflat where lake water concentration was low (ca. 1,200 mOsm/kg), owing to an influx of fresh water into the lake in 1983-1984. We suspect that these birds were resting after having fed farther out on the lake, where salinities were much greater (ca. 3,600-4,500 mOsm/kg).
Sodium concentrations in the birds' stomachs were about one-half those of the major prey species (Table 3, cf. Table 2 ). Although avocets from Great Salt Lake had slightly more concentrated stomach sodium than those from Mono Lake, the difference was not significant for these small sample sizes, and values from both locations were pooled. Stomach potassium was similar in phalaropes and avocets and slightly higher than in the body fluids of their invertebrate prey.
SALT GLANDS
Salt glands of Wilson' s Phalaropes and American Avocets collected at lakes of greatly differing salinities did not differ in relative size, in most cases (Table 4) , and averaged 0.02% of body weight. Salt glands of phalaropes that had just arrived at Mono Lake in mid-June, presumably after a direct flight from the freshwater breeding grounds, were no smaller than those of birds that had resided at Mono Lake for several weeks. Salt glands of 12 phalaropes we sampled in late July and August, 1984, however, were significantly larger (P < 0.05; Table 4 ) and some of these birds were also considerably heavier (Fig. 3 ). An analysis of variance of phalaropes using a two-level nested design with unequal sample sizes produced no differences among Mono Lake, Great Salt Lake, and Lake Abert salt gland weights. Differences were indicated, however, among sets of data from different collection dates (at just above P = 0.05). A finer comparison using an a posterior-i test, the "sum of squares simultaneous test procedure," indicated a significant difference at P = 0.05 between the 16 July-18 August 1984 collections and the other four sets of data. Similarly, a subdivision of the sum of squares for data from different collection dates indicated that the data from the July-August collection dates differed significantly at P < 0.05 from those on the other four collection dates. (Fig. 4) . The tongue of the avocet is short, broad, and smooth, and occupies much less of the mouth (Table 5 1985b ) and is probably due to dilution of stomach contents by proventricular secretions that are high in potassium. We conclude that avocets and phalaropes, like the species we had studied earlier, ingest very little lake water and incur only a small salt load (avian blood serum osmolality is ca. 320 mOsm/kg) when feeding on brine shrimp and brine flies, whose body water content is approximately 80-90%. Although phalaropes and avocets can fly to fresh water sources to dilute their salt intake, most of the birds we studied were collected while they were feeding. Therefore, it is unlikely that their stomach contents had been diluted. Previously (Mahoney and Jehl1985a) we found that California Gulls that had just finished drinking had only slightly lower stomach osmolalities than those that had not.
Like other marine birds, avocets and phalaropes have salt glands, which excrete excess sodium chloride. In some species, these glands undergo rapid hypertrophy when birds move to saline waters, and the degree of hypertrophy is usually a function of the degree of salinity (for review, see Peaker and Linzell 1975; but also see Mahoney and Jehl 1985b). In charadriiform birds, in particular, the size of the salt gland may vary considerably with environmental conditions (Staaland 1967). We found no evidence, however, of extreme hypertrophy that could be associated either with different salinities at the three lakes or, in the case of phalaropes, with the length of time they had resided at Mono Lake. Salt glands of most birds in our study, including the "fat" phalaropes sampled in late July and August, 1984 (cf. Fig.  3 ), averaged 0.02% body weight, which is low for charadriiform birds; the range for 22 species of this order is 0.01-0.09% (Staaland 1967).
Individual phalaropes may remain at Mono Lake for five to six weeks. In the first portion of their sojourn, they molt heavily and replace nearly all of their body plumage. In the latter portion, they become hyperphagic, add fat for a non-stop migration to South America, and may nearly double their weight (Jehl 198 1, unpubl. data). During the molt period, when they use fresh water sporadically at most, the salt glands showed no hypertrophy. In the two weeks or so before emigrating, however, the birds begin to visit fresh water sources every morning and evening. We infer that the great volume of food that is ingested in this hyperphagic period places a temporary osmotic stress on the birds, which is alleviated by drinking fresh water. The hypertrophied salt glands of the 12 birds collected in late July and August, SHEILA A. MAHONEY AND JOSEPH R. JEHL, JR.
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